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RADIO RECEIVING APPARATUS, MOBILE STATION APPARATUS , BASE 
STATION APPARATUS, AND RADIO RECEIVING METHOD 

Technical Field 

The present invention relates to a radio receiving 
apparatus, mobile station apparatus, base station 
apparatus, and radio receiving method, and more 
particularly to a radio receiving apparatus and radio 
receiving method having a plurality of receiving antennas 
for diversity reception and adaptive array reception. 

Background Art 

In recent years, the use of OFDM (Orthogonal 
Frequency Division Multiplexing) in radio communication 
systems has been studied. OFDM is a technology whereby 
signals are superimposed on a plurality of subcarriers 
whose frequencies are mutually orthogonal, and has the 
advantages of improving frequency utilization and being 
highly resistant to multipath interference. OFDM is 
mainly used in digital broadcasting and WLANs (Wireless 
Local Area Networks), and is expected to be used in a 
wider range of application areas in the future. 

While OFDM offers high frequency utilization and 
good resistance to multipath interference, as stated 
above, it is thought that the effects of fading can be 
reduced, and more precise radio communication can be 
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achieved, by additional combination with diversity 
reception or adaptive array reception. 

Generally, a radio receiving apparatus that 
performs diversity reception or adaptive array reception 
5 has a plurality of antennas. This kind of radio receiving 
apparatus has, for each receiving antenna, a receiving 
RF circuit that performs radio reception processing such 
as down-conversion and A/D (Analogue/Digital) conversion 
on a radio frequency (RF) signal received by the receiving 

10 antenna. Therefore, the more receiving antennas there 
are, the greater is the number of receiving RF circuits, 
with a resulting increase in the circuit scale of the 
overall receiving section of the radio receiving 
apparatus including the receiving antennas and receiving 

15 RF circuits . 

Heretofore, in order to reduce the circuit scale 
of the receiving section, a radio receiving apparatus 
has been thought of that switches connection between a 
plurality of receiving antennas and a single receiving 

20 RFcircuitby means of a switch and executes radio reception 
processing in a time series on signals received by all 
receiving antennas by means of the single receiving RF 
circuit (see, for example, FIG.l of Unexamined Japanese 
Patent Publication No . 2001-127 678 ) . 

25 This radio receiving apparatus distributes signals 

that have undergone radio reception processing to the 
respective receiving antennas by means of a switch again, 
performs filtering processing and interpolation on the 
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respective distributed signals by means of an LPF (Low 
Pass Filter) or the like, combines the obtained 
interpolated signals, and obtains receive data. 

However, a problem with the above-described 
5 conventional radio receiving apparatus is that, although 
the circuit scale of the overall receiving section 
including the receiving antennas and receiving RF 

circuits can be reduced, it is necessary to newly provide ] 
other circuitry such as interpolation circuitry for each 
10 receiving antenna. 

Therefore, with the above-described conventional 
radio receiving apparatus, while the circuit scale of 
the overall receiving section is reduced, the scale of 
circuitry other than receiving section circuitry j 

i 

15 increases. The increase in circuit scale leads to ! 

i 

increased apparatus size and cost. 

Furthermore, with the above-described ! 

i 

interpolation circuits, it is necessary to increase the , 

] 

amount of filtering processing by means of LPFs and so 
20 forth in order to maintain interpolation precision at 
or above a given level . 

1 

Disclosure of Invention 

It is an object of the present invention to provide 
25 a radio receiving apparatus and radio receiving method 
that enable the overall apparatus circuit scale to be 
reduced, and small apparatus size and low apparatus cost 
to be achieved, without increasing the processing load, \ 
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together with a mobile station apparatus and base station 
apparatus equipped with this radio receiving apparatus. 

According to one aspect of the present invention, 
a radio receiving apparatus has a plurality of antennas 
5 that receive at mutually different timings an identical 
signal that includes a plurality of subcarrier signals 
whose frequencies differ mutually; a receiving section 
that performs radio reception processing in a time series 
on the received signals of the plurality of antennas; 

10 a conversion section that performs orthogonal conversion 
of the signals that have undergone radio reception 
processing in the time series, and obtains a plurality 
of subcarrier signals included in the received signals 
of the plurality of antennas; and a control section that 

15 performs phase rotation of a plurality of subcarrier 
signals included in the received signal of at least one 
antenna in accordance with phase rotation due to 
differences of reception timing of the plurality of 
antennas . 

20 In the above-described radio receiving apparatus, 

preferably, the control section includes a channel 
estimation section that estimates amplitude variation 
and phase rotation due to the propagation path environment 
of the aforementioned signal, and performs phase rotation 

25 of the plurality of subcarrier signals in accordance with 
the estimated phase rotation and phase rotation due to 
differences of reception timing of the plurality of 
antennas . 
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In the above-described radio receiving apparatus, 
preferably, the control section performs phase rotation 
of the plurality of subcarrier signals corresponding to 
an antenna other than a first antenna that receives the 
5 aforementioned signal first among the plurality of 

antennas in accordance with the reception timing delay 
time with respect to the reception timing of that first 
antenna . 

In the above-described radio receiving apparatus, 
10 preferably, the control section holds in advance phase 
rotation amounts determined according to the frequencies 
of the plurality of subcarrier signals. 

In the above-described radio receiving apparatus, 
preferably, the receiving section has a first switch that 
15 switches the plurality of antennas; a radio reception 
processing section that performs radio reception 
processing successively on a signal output from the first 
switch; and a second switch that distributes a signal 
that has undergone radio reception processing in 
20 correspondence with the antenna that received that 
signal . 

The above-described radio receiving apparatus 
preferably has a combining section that combines 
subcarrier signals of the same frequency after phase 
25 rotation; and a despreading section that despreads an 
obtained combined signal using the same spreading code 
as used in the communicating station. 

The above-described radio receiving apparatus 
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preferably further has a selection section that selects 
a subcarrier signal corresponding to an antenna with the 
best reception conditions among the plurality of antennas 
after phase rotation; and a despreading section that 
5 despreads an obtained selected signal using the same 
spreading code as used in the communicating station. 

According to another aspect of the present invention, 
a mobile station apparatus has the above-described radio 
receiving apparatus. 

10 According to yet another aspect of the present 

invention, a base station apparatus has the 
above-described radio receiving apparatus. 

According to yet another aspect of the present 
invention, a radio receiving method is used in a radio 

15 receiving apparatus equipped with a plurality of antennas, 
and has a step of receiving from the plurality of antennas 
at mutually different timings an identical signal that 
includes a plurality of subcarrier signals whose 
frequencies differ mutually; a step of performing radio 

20 reception processing in a time series on the received 
signals of the plurality of antennas; a step of performing 
orthogonal conversion of the signals that have undergone 
radio reception processing in the time series, and 
obtaining a plurality of subcarrier signals included in 

25 the received signals of the plurality of antennas; and 
a step of performing phase rotation of a plurality of 
subcarrier signals included in the received signal of 
at least one antenna in accordance with phase rotation 
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due to differences of reception timing of the plurality 
of antennas . 



Brief Description of Drawings 
5 FIG.1A is a drawing for explaining the principle 

of an embodiment of the present invention; 

FIG. IB is a drawing for explaining the principle 
of an embodiment of the present invention; 

FIG. 2 is a block diagram showing the configuration 
10 of a radio transmitting apparatus used in Embodiment 1; 

FIG. 3 is a block diagram showing the configuration 
of a radio receiving apparatus according to Embodiment 
1; 

FIG. 4 is a block diagram showing the configuration 
15 of a radio receiving apparatus according to Embodiment 
2; 

FIG. 5 is a block diagram showing the configuration 
of a radio transmitting apparatus used in Embodiment 3; 
and 

20 FIG. 6 is a block diagram showing the configuration 

of a radio receiving apparatus according to Embodiment 
3 . 

Best Mode for Carrying out the Invention 
25 The present inventors considered the fact that, in 

OFDM in which a signal is transmitted superimposed on 
a plurality of subcarriers whose frequencies are mutually 
orthogonal, since orthogonal conversion such as FFT (Fast 
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Fourier Transform) or DFT (Discrete Fourier Transform) 
processing is performed on a received signal, a received 
signal sampled in a time series (that is, on the time 
axis) is rearranged on the frequency axis. 
5 The present inventors then arrived at the present 

invention by noting that, when the sampling timings of 
received signals received by a plurality of antennas are 
shifted, after FTT processing this sampling timing shift 
appears as phase rotation of subcarriers of each 

1 0 frequency . 

That is to say, the gist of the present invention 
is that, by shifting the sampling timings of a plurality 
of receiving antennas, radio reception processing is 
performed on the signal received by each receiving antenna 

15 by means ofa single receiving RF circuit, and after Fourier 
transform processing has been performed on a signal that 
has undergone radio reception processing, the original 
phase rotation is restored according to the sampling 
timing shift . 

20 The principle of the present invention will now be 

explained with reference to FIG.1A and FIG. IB. First, 
a case in which there are two receiving antennas will 
be described. 

Generally, in OFDM, when a signal is transmitted 

25 using N mutually orthogonal subcarriers 1 through N, if 
the frequency interval of subcarriers 1 through N is 
designated Af , the bandwidth of the OFDM signal is (Af xN) , 
as shown in FIG.1A. When a radio receiving apparatus 



2F04005-PCT 9 

receives this OFDM signal, if there is one antenna the 
signal is received with a sampling cycle of l/(Af*N). 
That is to say, the OFDM signal is sampled every 1/ (Af *N) . 

When reception is performed by switching a plurality 
5 of receiving antennas, one receiving antenna samples the 
OFDM signal at the above-described sampling cycle, and 
the other receiving antennas sample the OFDM signal at 
timings delayed by respective predetermined times. 

Here, as there are two receiving antennas, if the 
10 delay time of one antenna with respect to the other antenna 
is designated x, t can be expressed as one-half of the 
above-described sampling cycle — that is, by Equation 
1 below. 

1=1/ (2Af xN) ... Equation 1 

15 In OFDM, the transmitting side transmits an OFDM 

signal with data arranged on the time axis by performing 
IFFT (Inverse Fast Fourier Transform) processing on data 
corresponding to a plurality of subcarriers, and the 
receiving side samples an OFDM signal on the time axis 
20 and rearranges the data on the frequency axis again by 
performing F FT processing. This FFT and IFFT processing 
can be represented as shown in Equation 2 below. 
f(t)«-F(co) ... Equation 2 

In Equation 2, conversion from the left side to the 
25 right side is an FFT, and conversion from the right side 
to the left side is an IFFT. Term co is angular frequency, 
which has the relationship shown in Equation 3 to frequency 
f . 
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co=2nf . . . Equation 3 

When there are two receiving antennas, as described 
above, one antenna samples an OFDM signal delayed by delay 
time x relative to the other antenna. In this case, 
5 Equation 2 can be expressed as shown in Equation 4 below, 
f ( t-x ) ~F (co) e" j " T ... Equation 4 

In Equation 4, j is an imaginary unit. Comparing 
Equation 2 and Equation 4, it can be seen that delay time 
t is converted to phase rotation amount e~ jC0T . 
10 Substituting Equation 1 and Equation 3 for this phase 
rotation amount e~ jG)T gives Equation 5 below. 

e" j£0T = exp [- j x2nf xl/ (2Af xN) ] ... Equation 5 

Since all terms except frequency f on the right side 
of Equation 5 are constants, it can be seen that the phase 
15 rotation amount due to sampling timing delay differs for 
each OFDM signal subcarrier, and depends only on the 
frequency of each of subcarriers 1 through N. 

Specifically, if the frequency of subcarrier 1 is 
designated Af, the frequency of subcarrier 2 is designated 
20 2Af , the frequency of subcarrier 3 is designated 3Af , . . . , 
and the frequency of subcarrier N is designated NAf , the 
phase rotation amounts for each of subcarriers 1 through 
Nareexp[-jn/N] , exp[-j2n/N] , exp[-j3n/N] , . . . , exp[-jn] , 
respectively . 

25 Therefore, even when the subcarrier timings of a 

plurality of receiving antennas are shifted, the same 
kind of handling is possible as when sampling is performed 
simultaneously by each receiving antenna by restoring 
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phase rotation resulting from the sampling timing shift 
to its original state by a phase rotation amount that 
is known for each subcarrier. 

The sampling cycle of one antenna is also 
5 above-described l/(Af*N) when there are L receiving 
antennas, as shown in FIG. IB. When there are L receiving 
antennas, the sampling timing of each receiving antenna 
isdelayedbyl/(LAfxN) obtainedbydividingthis sampl ing 
cycle by L. 

10 Specifically, for the second receiving antenna, 

sampling delayed by l/(LAf*N) with respect to the sampling 
timing of the first receiving antenna is performed, and 
for the m' th receiving antenna, sampling delayed by 
( m- 1 ) / ( L A f x N ) with respect to the sampling timing of the 

15 first receiving antenna is performed. 

Therefore, based on the same reasoning as in the 
case of two receiving antennas, rotation amount e" jC0T due 
to the sampling timing delay of the m' th receiving antenna 
can be expressed by Equation 6 below. 

20 e" jc0T = exp [- j x2nf x (m-1) / (LAf xN) ] ... Equation 6 

As can be seen from Equation 6, when there are L 
receiving antennas, since the phase rotation amount of 
each subcarrier is known for each receiving antenna, the 
same kind of handling is possible as when sampling is 

25 performed simultaneously by each receiving antenna by 
restoring the phase rotation of each subcarrier obtained 
by performing FFT processing on the receiving side to 
its original state. 
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With reference now to the accompanying drawings, 
embodiments of the present invention will be explained 
in detail below. 

5 (Embodiment 1) 

FIG. 2 is a block diagram showing the configuration 
of a radio transmitting apparatus used in Embodiment 1 
of the present invention. The radio transmitting 
apparatus shown in FIG. 2 has a coding section 100, a 
10 modulation section 110, an S/P ( Se r ial - Pa r a 1 1 e 1 ) 

conversion section 120, an IFFT section 130, a GI (Guard 
Interval) adding section 140, and a radio transmitting 
section 150. 

Transmit data undergoes error correction coding by 
15 coding section 100 and is modulated by modulation section 
110. The modulated data then undergoes S/P conversion 
by S/P conversion section 120 and N streams of parallel 
data are output. 

The N streams of parallel data undergo inverse fast 
20 Fourier transform processing by IFFT section 130, and 
the data of the corresponding streams are superimposed 
on N mutually orthogonal subcarriers. A guard interval 
to prevent inter-symbol interference is then added by 
GI adding section 140, and an OFDM signal is generated. 
25 The generated OFDM signal undergoes predetermined 

radio transmission processing (such as D/A conversion 
and up-conversion) by radio transmitting section 150, 
and is transmitted via a transmitting antenna. 
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FIG. 3 is a block diagram showing the configuration 
of a radio receiving apparatus according to this 
embodiment . The radio receiving apparatus shown in FIG. 3 
has a switch 200, a radio receiving section 210, a switch 
5 220, GI removing sections 230-1 and 230-2, FFT sections 
240-1 and 240-2, channel estimation sections 250-1 and 
250-2, a P/S conversion section 260, a demodulation 
section 270, a decoding section 280, and a phase control 
section 290 . The radio receiving apparatus shown in FIG. 3 

10 has a configuration comprising two receiving antennas, 
but the present invention is not limited to this, and 
three or more receiving antennas may be used. In the 
following description, the two receiving antennas are 
referred to as "the first antenna" and "the second antenna" 

15 respectively. A radio receiving apparatus according to 
this embodiment is used installed in a mobile station 
apparatus or base station apparatus in a mobile 
communication s ys tern . 

Switch 200 switches between the two receiving 

20 antennas, and outputs a received signal from each 

receiving antenna to radio receiving section 210. As 
explained above, the sampling cycle of each receiving 
antenna is the reciprocal of the bandwidth of an OFDM 
signal, and switch 200 switches the receiving antenna 

25 at intervals equivalent to half of this sampling cycle. 
In other words, switch 200 delays the sampling timing 
of the second antenna by a period equivalent to half the 
sampling cycle with respect to the sampling timing of 
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the first antenna. 

In this embodiment, as there are two receiving 

antennas, switching by switch 200 is performed every half 

sampling cycle, but when there are L receiving antennas 
5 (where L is an integer greater than 2) , switching by switch 

200 is performed at intervals equivalent to 1/L of the 

sampling cycle- 
Radio receiving section 210 includes receiving RF 

circuitry, and executes predetermined radio reception 
10 processing (such as up-conversion and A/D conversion) 

on a signal input from switch 200. 

Switch 220 switches in synchronization with switch 

200, and outputs a signal that has undergone radio 

reception processing to GI removing section 230-1 
15 corresponding to the first antenna or GI removing section 

230-2 corresponding to the second antenna. 

GI removing sections 230-1 and 230-2 remove a guard 

interval from the signal output from switch 220. 

FFT sections 240-1 and 240-2 perform fast Fourier 
20 transform processing on a signal that has undergone guard 

interval removal, and output signals corresponding to 

N subcarriers (hereinafter referred to as "subcarrier 

signals" ) . 

Channel estimation sections 250-1 and 250-2 perform 
25 channel estimation that estimates signal distortion due 
to the effects of the propagation paths of the subcarrier 
signals for signals received from the first antenna and 
second antenna respectively, and calculate a channel 
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estimate for each subcarrier signal. 

P/S conversion section 260 performs P/S conversion 
on N signal streams obtained by combining subcarrier 
signals corresponding to the first antenna and second 
5 antenna respectively, and outputs serial data. 

Demodulation section 270 demodulates the serial 
data output from P/S conversion section 260. 

Decoding section 280 performs error correction 
decoding on the demodulated data and outputs receive data. 
10 Phase control section 290 holds a phase rotation 

amount of each subcarrier signal due to the delay in the 
sampling timing of the second antenna with respect to 
the first antenna, decided in advance according to the 
number of antennas of the radio receiving apparatus and 
15 the subcarrier frequencies. Phase control section 290 
performs phase rotation by the held phase rotation amount 
of each of the N subcarrier signals output from FFT section 
240-2 corresponding to the second antenna. 

Having the N subcarrier signals phase-rotated by 
20 phase control section 290 eliminates the effect of 

sampling timing delay of the second antenna with respect 
to the first antenna due to switching by switch 200, and 
allows the same kind of handling as when the first antenna 
and second antenna perform sampling simultaneously. 
25 The operation of a radio receiving apparatus 

configured as described above will now be explained. 

First, switch 200 and switch 220 are both connected 
to the first antenna side, and a signal received from 
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the first antenna undergoes predetermined radio reception 
processing by radio receiving section 210. When a period 
equivalent to one-half of the sampling cycle has elapsed 
after switch 200 and switch 220 were connected to the 
5 first antenna side, switch 200 and switch 220 are both 
switched so as to be connected to the second antenna side. 
Then predetermined radio reception processing is 
performed by radio receiving section 210 on the signal 
received from the second antenna. 

10 Switching between the two receiving antennas in this 

way delays the sampling timing of the second antenna by 
half a sampling cycle with respect to the first antenna, 
but also makes it possible to use only one radio receiving 
section 210 containing receiving RF circuitry, and 

15 enables small apparatus size and low apparatus cost to 
be achieved. 

A guard interval portion is removed from a signal 
received from the first antenna by GI removing section 
230-1, N sampling signals that have undergone guard 
20 interval removal undergo fast Fourier transform 

processing by FFT section 240-1 , and N subcarrier signals 
are output . 

Channel estimates of the subcarrier signals are then 
calculated by channel estimation section 250-1, and the 
25 subcarrier signals are multiplied by the calculated 
channel estimates. By this means, propagation path 
environment effects can be eliminated. 

On the other hand, a guard interval portion is 
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removed from a signal received from the second antenna 
by GI removing section 230-2, N sampling signals that 
have undergone guard interval removal undergo fast 
Fourier transform processing by FFT section 240-2, and 
5 N subcarrier signals are output. By means of this fast 
Fourier trans form processing, the sampling timing delay 
of the second antenna is converted to phase rotation of 
each subcarrier signal. 

The subcarrier signals output from FFT section 240-2 

10 are multiplied by the phase rotation amounts held for 
N subcarriers by phase control section 290. As stated 
above, these phase rotation amounts depend only on the 
number of receiving antennas and the frequencies of the 
N subcarriers, and can therefore be calculated beforehand. 

15 By multiplying subcarrier signals by such known phase 
rotation amounts, phase rotation due to the sampling 
timing delay of the second antenna can be restored, and 
the first antenna and second antenna can be regarded as 
performing sampling simultaneously . 

20 Also, since the amount of processing involved in 

phase rotation is small compared with processing such 
as filtering and only simple baseband processing is 
performed, the circuit scale is not increased and the 
processing load is small. 

25 Channel estimates of subcarrier signals that have 

undergone phase rotation are then calculated by channel 
estimation section 250-2, and the subcarrier signals are 
multiplied by the calculated channel estimates. By this 
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means, propagation path environment effects can be 
eliminated . 

Following channel estimation, subcarrier signals 
corresponding to the first antenna and second antenna 
5 are combined. The N parallel signal streams obtained as 
a result undergo P/S conversion by P/S conversion section 
260, and serial data is output. 

The output serial data is demodulated by 
demodulation section 270 and undergoes error correction 
10 decoding by decoding section 280, and receive data is 
obtained . 

Thus, according to this embodiment, received signal 
sampling is performed by switching a plurality of 
receiving antennas, radio reception processing is 

15 performed by a single radio receiving section, the signals 
received from the respective receiving antennas undergo 
fast Fourier transform processing, and the obtained 
plurality of subcarrier signals are phase-rotated by a 
known phase rotation amount, thereby enabling the effect 

2 0 of sampling delay of the antennas resulting from receiving 
antenna switching to be eliminated, and enabling the 
overall apparatus circuit scale to be reduced and small 
apparatus size and low apparatus cost to be achieved 
without increasing the processing load even when only 

25 one radio receiving section is provided for a plurality 
of receiving antennas. 

Also, according to this embodiment, subcarrier 
signals corresponding to one antenna are phase-rotated 
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in accordance with the reception timing delay time with 
respect to another antenna that first receives a signal, 
enabling a difference in the reception timings of the 
antennas to be compensated for accurately. 
5 Furthermore, according to this embodiment, phase 

rotation amounts determined according to the frequencies 
of a plurality of subcarrier signals are held beforehand, 
enabling the processing load for performing phase 
rotation to be kept small. 

10 Moreover, according to this embodiment, signals 

output by switching between a plurality of antennas are 
subject to radio reception processing successively, and 
signals that have undergone radio reception processing 
are again distributed to the respective antennas, 

15 enabling the reception timings of a plurality of antennas 
to be controlled with a high degree of precision, and 
making it possible to perform radio reception processing 
for a plurality of antennas with a single processing 
section . 

20 

( Embodiment 2 ) 

A feature of Embodiment 2 of the present invention 
is that phase rotation due to a difference in sampling 
timings is performed at the same time as channel estimation 
25 phase rotation. 

The configuration of a radio transmitting apparatus 
used in this embodiment is the same as in Embodiment 1 
(FIG. 2) , and therefore a description thereof is omitted. 
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FIG. 4 is a block diagram showing the configuration 
of a radio receiving apparatus according to this 
embodiment . Parts of the radio receiving apparatus shown 
in FIG. 4 identical to those of the radio receiving 
5 apparatus shown in FIG. 4 are assigned the same codes as 
in FIG. 3 and descriptions thereof are omitted. A radio 
receiving apparatus according to this embodiment is used 
installed in a mobile station apparatus or base station 
apparatus in a mobile communication system. 

10 The radio receiving apparatus shown in FIG. 4 has 

a switch 200, a radio receiving section 210, a switch 
220, GI removing sections 230-1 and 230-2, FFT sections 
240-1 and 240-2, a channel estimation section 250-1, a 
P/S conversion section 260, a demodulation section 270, 

15 a decoding section 280, and a channel estimation section 
300. The radio receiving apparatus shown in FIG. 4 has 
a configuration comprising two receiving antennas, but 
the present invention is not limited to this, and three 
or more receiving antennas may be used. 

20 For a signal received from the second antenna, 

channel estimation section 300 simultaneously calculates 
channel variation (that is, amplitude variation and phase 
rotation) due to the propagation path environment of the 
subcarrier signals, and a phase rotation amount due to 

25 delay with respect to the sampling timing of the first 
antenna . 

Generally, channel estimate compensates for 
amplitude variation and phase rotation due to the 
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propagation path environment. Channel estimation 
section 300 of this embodiment calculates a channel 
estimate that can simultaneously compensate for phase 
rotation on a propagation path estimated by channel 
5 estimation and phase rotation due to a sampling timing 
delay . 

The operation of a radio receiving apparatus 
configured as described above will now be explained. 

First, as in Embodiment 1, switch 200 and switch 

10 220 are both connected to the first antenna side, and 
a signal received from the first antenna undergoes 
predetermined radio reception processing by radio 
receiving section 210. When a period equivalent to 
one-half of the sampling cycle has elapsed after switch 

15 200 and switch 220 were connected to the first antenna 
side, switch 200 and switch 220 are both switched so as 
to be connected to the second antenna side. Then 
predetermined radio reception processing is performed 
by radio receiving section 210 on the signal received 

20 from the second antenna. 

Switching between the two receiving antennas in this 
way delays the sampling timing of the second antenna by 
half a sampling cycle with respect to the first antenna, 
but also makes it possible to use only one radio receiving 

25 section 210 containing receiving RF circuitry, and 

enables small apparatus size and low apparatus cost to 
be achieved. 

A guard interval portion is removed from a signal 
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received from the first antenna by GI removing section 
230-1, N sampling signals that have undergone guard 
interval removal undergo fast Fourier transform 
processing by FFT section 240-1, and N subcarrier signals 
5 are output . 

Channel estimates of the subcarrier signals are then 
calculated by channel estimation section 250-1, and the 
subcarrier signals are multiplied by the calculated 
channel estimates. By this means, propagation path 

10 environment effects can be eliminated. 

On the other hand, a guard interval portion is 
removed from a signal received from the second antenna 
by GI removing section 230-2, N subcarrier signals that 
have undergone guard interval removal undergo fast 

15 Fourier transform processing by FFT section 240-2, and 
N subcarrier signals are output. By means of this fast 
Fourier t r ans f orm pr oce s s ing , the sampling timing delay 
of the second antenna is converted to phase rotation of 
each subcarrier signal. 

20 Channel estimates of the subcarrier signals are then 

calculated by channel estimation section 300, and the 
subcarrier signals are multiplied by the calculated 
channel estimates. Here, a calculated channel estimate 
is a value for compensating for amplitude variation and 

25 phase rotation, and with regard to phase rotation, a 
channel estimate that compensates for both phase rotation 
due to the propagation path environment and phase rotation 
due to sampling timing delay is calculated by channel 
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estimation section 300. 

Specifically, for example, phase rotation of each 
subcarrier signal due to sampling timing delay is added 
to phase rotation due to the propagation path environment 
5 obtained by normal channel estimation, and a channel 
estimate is calculated for each subcarrier signal. 

Consequently, unlike Embodiment 1, circuitry for 
controlling only phase rotation due to sampling timing 
delay is unnecessary, and this phase rotation is 
10 compensated for at the same time as normal channel 

estimation. Therefore, the circuit scale can be reduced 
to an even greater extent than in Embodiment 1. 

Following channel estimation, subcarrier signals 
corresponding to the first antenna and second antenna 
15 are combined. The N parallel signal streams obtained as 
a result undergo P/S conversion by P/S conversion section 
260, and serial data is output. 

The output serial data is demodulated by 
demodulation section 270 and undergoes error correction 
20 decoding by decoding section 280, and receive data is 
obtained . 

Thus, according to thi s embodiment , received signal 
sampling is performed by switching a plurality of 
receiving antennas, radio reception processing is 
2 5 performed by a single radio receiving section, the signals 
received from the respective receiving antennas undergo 
fast Fourier transform processing, and the obtained 
plurality of subcarrier signals are phase-rotated by a 
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known phase rotation amount at the same time as channel 
estimation, thereby enabling the effect of sampling delay 
of the antennas resulting from receiving antenna 
switching to be eliminated, and enabling the overall 
5 apparatus circuit scale to be further reduced and small 
apparatus size and low apparatus cost to be achieved 
without increasing the processing load even when only 
one radio receiving section is provided for a plurality 
of receiving antennas . 

10 

(Embodiment 3) 

A feature of Embodiment 3 of the present invention 
is that a radio receiving apparatus of the present 
invention is used in a mobile communication system that 

15 uses the CDMA method. 

FIG. 5 is a block diagram showing the configuration 
of a radio transmitting apparatus used in this embodiment . 
Parts of the radio transmitting apparatus shown in FIG. 5 
identical to those of the radio transmitting apparatus 

20 shown in FIG. 2 are assigned the same codes as in FIG. 2 
and detailed descriptions thereof are omitted . Theradio 
transmitting apparatus shown in FIG. 5 has a coding section 
100, a modulation section 110, a spreading section 400, 
an S/P conversion section 120, an I F FT section 130, a 

25 GI adding section 140, and a radio transmitting section 
150 . 

Transmit data that has undergone error correction 
coding by coding section 100 and has been modulated by 
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modulation section 110 is spread by spreading section 
400 usinga predetermined spreading code. The spread data 
then undergoes S/P conversion by S/P conversion section 
120 and N streams of parallel data are output. 
5 The N streams of parallel data undergo inverse fast 

Fourier transform processing by IFFT section 130, a guard 
interval is added by GI adding section 140, and an OFDM 
signal is generated. 

The generated OFDM signal undergoes predetermined 

10 radio transmission processing (such as D/A conversion 
and up-conver sion ) by radio transmitting section 150, 
and is transmitted via the transmitting antenna. 

FIG. 6 is a block diagram showing the configuration 
of a radio receiving apparatus according to this 

15 embodiment . Parts of the radio receiving apparatus shown 
in FIG. 6 identical to those of the radio receiving 
apparatuses shown in FIG. 3 and FIG. 4 are assigned the 
same codes as in FIG. 3 and FIG. 4, and descriptions thereof 
are omitted. A radio receiving apparatus according to 

20 this embodiment is used installed in a mobile station 
apparatus or base station apparatus in a mobile 
communication system . 

The radio receiving apparatus shown in FIG. 6 has 
a switch 200, a radio receiving section 210, a switch 

25 220, GI removing sections 230-1 and 230-2, FFT sections 
240-1 and 240-2, a channel estimation section 250-1, a 
P/S conversion section 260, a demodulation section 270, 
a decoding section 280, a channel estimation section 300, 
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and a despreading section 500. The radio receiving 
apparatus shown in FIG. 6 has a configuration comprising 
two receiving antennas, but the present invention is not 
limited to this, and three or more receiving antennas 
5 may be used. 

Despreading section 500 despreads serial data 
resulting from P/S conversion using the same spreading 
code as used by spreading section 400 of the radio 
transmitting apparatus shown in FIG. 5. 

10 The operation of a radio receiving apparatus 

configured as described above will now be explained. 

First, as in Embodiment 1, switch 200 and switch 
220 are both connected to the first antenna side, and 
a signal received from the first antenna undergoes 

15 predetermined radio reception processing by radio 

receiving section 210. When a period equivalent to 
one-half of the sampling cycle has elapsed after switch 
200 and switch 220 were connected to the first antenna 
side, switch 200 and switch 220 are both switched so as 

20 to be connected to the second antenna side. Then 

predetermined radio reception processing is performed 
by radio receiving section 210 on the signal received 
from the second antenna. 

Switching between the two receiving antennas in this 

25 way delays the sampling timing of the second antenna by 
half a sampling cycle with respect to the first antenna, 
but also makes it possible to use only one radio receiving 
section 210 containing receiving RF circuitry, and 
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enables small apparatus size and low apparatus cost to 
be achieved. 

A guard interval portion is removed from a signal 
received from the first antenna by GI removing section 
5 230-1, N sampling signals that have undergone guard 
interval removal undergo fast Fourier transform 
processing by FFT section 240-1 , and N subcarrier signals 
are output . 

Channel estimates of the subcarrier signals are then 

10 calculated by channel estimation section 250-1, and the 
subcarrier signals are multiplied by the calculated 
channel estimates. By this means, propagation path 
environment effects can be eliminated. 

On the other hand, a guard interval portion is 

15 removed from a signal received from the second antenna 
by GI removing section 230-2, N sampling signals that 
have undergone guard interval removal undergo fast 
Fourier transform processing by FFT section 240-2, and 
N subcarrier signals are output. By means of this fast 

20 Fourier transform processing, the sampling timing delay 
of the second antenna is converted to phase rotation of 
each subcarrier signal. 

Channel estimates of the subcarrier signals are then 
calculated by channel estimation section 300, and the 

25 subcarrier signals are multiplied by the calculated 

channel estimates. Here, a calculated channel estimate 
is a value for compensating for amplitude variation and 
phase rotation, and with regard to phase rotation, a 
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channel estimate that compensates for both phase rotation 
due to the propagation path environment and phase rotation 
due to sampling timing delay is calculated by channel 
estimation section 300. 
5 Following channel estimation, subcarrier signals 

corresponding to the first antenna and second antenna 
are combined. The N parallel signal streams obtained as 
a result undergo P/S conversion by P/S conversion section 
260, and serial data is output. 

10 The output serial data is despread by despreading 

section 500, demodulated by demodulation section 270, 
and undergoes error correction decoding by decoding 
section 280, and receive data is obtained. 

Thus, according to this embodiment, switching of 

15 a plurality of receiving antennas is performed and a 
received signal spread with a predetermined spreading 
code is sampled, radio reception processing is performed 
by a single radio receiving section, the signals received 
from the respective receiving antennas undergo fast 

20 Fourier trans form processing, and the obtained plurality 
of subcarrier signals are phase-rotated by a known phase 
rotation amount at the same time as channel estimation, 
and despread using the same spreading code as used on 
the transmitting side, so that, even in a mobile 

2 5 communi ca t ion systemthat uses the CDMA me t hod , the effect 
of sampl ing delay of the antennas resulting from receiving 
antenna switching can be eliminated and the overall 
apparatus circuit scale can be further reduced and small 
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apparatus size and low apparatus cost can be achieved 
without increasing the processing load even when only 
one radio receiving section is provided for a plurality 
of receiving antennas. 
5 Also, according to this embodiment, subcarrier 

signals of the same frequency are combined after phase 
rotation, and are despread using the same spreading code 
as used by the communicating station, enabling the power 
of each subcarrier signal to be increased and demodulation 

10 errors to be reduced. 

In the above embodiments, configurations have been 
described whereby subcarrier signals corresponding to 
two receiving antennas are combined after channel 
estimation, but a configuration may also be used whereby, 

15 for example, subcarrier signals corresponding to the 
receiving antenna with the best reception conditions are 
selected by measuring the reception level, and undergo 
P/S conversion. By so doing, subcarrier signals 
corresponding to the receiving antenna that has the best 

20 reception conditions of a plurality of receiving antennas 
can be selected after phase rotation, and despread using 
the same spreading code as used by the communicating party , 
enabling modulation errors to be reduced by eliminating 
the effects of subcarrier signals received by an antenna 

25 with poor reception conditions, and also enabling the 
overall apparatus circuit scale to be reduced and small 
apparatus size and low apparatus cost to be achieved 
without increasing the processing load even in a mobile 
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communication system that uses the CDMA method. 

In the above embodiments, configurations have been 

described whereby subcarrier signals corresponding to 

two receiving antennas are combined after channel 
5 estimation, but a configuration may also be used whereby 

weighting is performed on subcarrier signals before they 

are combined. 

In the above embodiments, configurations have been 

described whereby a transmitting apparatus has a coding 
10 section and a receiving apparatus has a decoding section, 

but configurations may also be used that do not have such 

a coding section and decoding section. 

In above Embodiment 3, a configuration has been 

described whereby despreading is performed after 
15 subcarrier signals corresponding to two receiving 

antennas are combined, but a configuration may also be 

used whereby despreading is performed on subcarrier 

signals corresponding to two receiving antennas, and then 

the despread signals are combined. 
20 As described above, according to the present 

invention the overall apparatus circuit scale can be 

reduced, and small apparatus size and low apparatus cost 

can be achieved, without increasing the processing load. 
This application is based on Japanese Patent 
25 Application No . 2 0 0 3 - 1 0 8 3 0 6 filed on April 11, 2003, the 

entire content of which is expressly incorporated by 

reference herein. 
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Industrial Applicability 

The present invention is applicable to a mobile 
station apparatus, base station apparatus, or the like, 
in a mobile communication system. 



